Introduction
The Mexican low-sulfidation epithermal deposits are mostly of Tertiary age (Albinson et al., 2001) and are usually found in close spatial association with the volcanic activity of the Sierra Madre Occidental volcanic province (Staude and Barton, 2001) . The Sierra Madre Occidental extends for over 2,000 km from the U.S.-Mexico border to the latitude of Guadalajara, where it is covered by the late-Miocene to Quaternary Trans-Mexican volcanic belt (Fig. 1) . Rocks in the lower part of the Sierra Madre Occidental are late-Cretaceous to earlyTertiary calc-alkaline, granodioritic to granitic batholiths that intrude voluminous, coeval volcanosedimentary rocks (Henry Ar method. The ages obtained from adularia samples are 32.9 ± 0.1 Ma and 33.3 ± 0.1 Ma, corresponding to the middle part of Lower Oligocene. These ages are slightly younger than that of the ignimbrite succession exposed next to the study area, and they suggest that the deposit is related to the crystallization of comagmatic intrusive rocks. Contrary to previous assumptions of a Miocene age for several epithermal deposits in southern Mexico, the ages from La Guitarra show that, south of the TransMexican volcanic belt, these deposits may be Oligocene or older. In addition, the interpretation of a genetic link between intrusive rocks and epithermal mineralization is consistent with previous work on fluid geochemistry of the deposit.
To evaluate the obtained ages in a regional context, we analyzed the geographic distribution and age of Tertiary epithermal deposits in central Mexico. Our study shows that mineral deposits coincide with the main volcanic pulses of the Sierra Madre Occidental. The distribution of epithermal deposits can be thus divided into three main groups: (1) between ~48 and ~40 Ma, (2) between ~36 and ~27 Ma, and (3) between ~23 and ~18 Ma. Within the first group are the Batopilas and Topia deposits that record the oldest ages found for epithermal deposits in Mexico. Deposits of this age are hosted by the Lower Volcanic Supergroup of the Sierra Madre Occidental, and are related to the Laramide magmatism of the Sierra Madre Occidental. Many of the epithermal deposits in Mexico occur within the second time span in a northwest-southeast belt from Chihuahua to the Mexico and Guerrero states. These deposits are related to the main episode of ignimbrite flare-up of the Sierra Madre Occidental. The third group includes the Bolaños, San Martín de Bolaños, and Pachuca-Real del Monte deposits, plus, possibly, seven other epithermal deposits analyzed in this work. These deposits are related to the last ignimbrite flare up of the Sierra Madre Occidental with a general west-northwest-east-southeast distribution, recently documented in the southern Sierra Madre Occidental. 1990; Gans, 1997; McDowell et al., 1997; Nieto-Samaniego et al., 1999) and in early Miocene in the southern Sierra Madre Occidental . Tertiary volcanic rocks coeval with the Sierra Madre Occidental (latest Eocene to Miocene) are also found to the south of the Trans-Mexican volcanic belt in the Michoacán, Guerrero, Mexico, and Oaxaca states (Fig. 1 ), but they are referred to as the Sierra Madre del Sur Tertiary magmatic province (Morán-Zenteno et al., 1999) .
The time relation between the Tertiary volcanism and epithermal deposits is not well understood, as only some of the deposits are properly dated. Mexican epithermal deposits mainly formed less than 2 m.y. after the occurrence of the youngest acid volcanic host rocks, as determined in the Pachuca-Real del Monte (McKee et al., 1992) and San Dimas districts (Enriquez and Rivera, 2001), or not long after 2 m.y., as in Fresnillo (Lang et al., 1988) . McKee et al. (1992) noted that, during this time, no extrusive volcanic activity occurred, although intrusions were common. The implication is that the epithermal deposits were related to intrusive rocks crystallizing during the volcanic hiatuses, providing heat for the hydrothermal activity, and possibly fluids, metals, and ligands. Knowledge of the space and time distribution of the epithermal deposits, and their associated volcanic or subvolcanic rocks, is therefore an important exploration tool in the region. In particular, periods of time when hypabyssal rocks formed with no contemporaneous extrusive rocks would be favorable for the formation of epithermal deposits.
In this study, we present Ar-Ar ages obtained from two adularia samples of different mineralization stages, and from K feldspar of the hosting quartz-monzonites of the La Guitarra low-sulfidation epithermal deposit, México state (Fig. 1) . In addition, we present a compilation and analysis of the published and known ages from Mexican epithermal deposits, associated with the volcanism of the Sierra Madre Occidental. Based on this analysis, we propose a new space-time classification of the Mexican epithermal deposits.
Compilation of Age Data of Epithermal Deposits in Mexico
We have analyzed the age and spatial distribution of epithermal deposits in Mexico, from published sources. According to Albinson et al. (2001) , most of the Mexican epithermal deposits are hosted in the volcanic succession of the Sierra Madre Occidental. As described above, three volcanic episodes can be recognized in the Sierra Madre Occidental: the Laramide volcanoplutonic succession of the Lower Volcanic Supergroup, and the two episodes of ignimbrite flare up of the Upper Volcanic Supergroup that took place in early Oligocene and early Miocene, respectively . Although the exact age of the mineralization is known only in a few cases, we have made estimates based on the age of dated host rocks and the stratigraphic relationships in each area, as reported in the literature or observed in our own surveys. The results are illustrated in Figures 2 and 3 Ferrari et al. (2002) and other available information, we have noted a possible early Miocene event of mineralization that affected the southern Sierra Madre Occidental. The mine districts with epithermal deposits that support this are described briefly below.
Lluvia de Oro, Durango
The deposit consists of veins mostly emplaced along the contact between andesites and dacites of the Lower Volcanic Supergroup and ignimbrite of the Upper Volcanic Supergroup (Consejo de Recursos Minerales, 1994) . The age of the Upper Volcanic Supergroup in this area is unknown. Albinson et al. (2001) report the mineralization to be younger than 34 Ma, but no reference is given. Most of the area to the north of Lluvia de Oro is covered by the 1,000-m-thick El Salto ignimbrite succession, which has been dated at 23.5 Ma (McDowell and Keizer, 1977) , and similar ages are reported to the west in Sinaloa by Henry and Fredrikson (1987) . An ignimbrite succession with the same age of the El Salto ignimbrite is reported in the Las Canoas area, about 65 km to the southeast of Lluvia de Oro, by Ferrari et al. (2002) . For this reason, the age of the Lluvia de Oro deposit is tentatively considered to be early Miocene.
El Indio, Nayarit
The El Indio-Huajicori district consists of Au-Ag veins emplaced in ignimbrites of the Upper Volcanic Supergroup. As in the previous case, the age of the supergroup in this area is unknown. According to Ferrari et al. (2002) , the region immediately to the east is capped by a 21 Ma ignimbrite succession, up to 1,000 m thick. The same authors dated one of these ignimbrites, by the 40 Ar/ 39 Ar method, located 15 km to the west of the mining area, and reported an age of 21.0 ± 0.7 Ma. The mineralization is thus considered to be early Miocene in age.
El Zopilote, Nayarit
The Au-Ag veins of the El Zopilote district are mostly hosted in an andesitic sequence that is thought to belong to the Lower Volcanic Supergroup and is exposed by the prominent San Pedro normal fault system that bounds the Gulf of California. However, some of the veins also cut the lower part of the overlying ignimbrite succession that is part of the Upper Volcanic Supergroup . Several rhyolitic domes of 17.0 ± 0.1 Ma represent the last silicic volcanism in the area. Clark et al. (1981) obtained a K-Ar age of 13.2 ± 0.4 Ma for an ignimbrite located near the mineralized area, and another age of 11.9 ± 0.3 Ma for a basaltic dike that cut the mineralization. However, our surveys indicate that the ignimbrite dated by Clark et al. (1981) is part of a succession that came from the Nayar caldera field, for which provide several 40 Ar/ 39 Ar ages of ~20 to 21 Ma. About 25 km to the north of El Zopilote, these authors report an age of 20.9 ± 0.4 Ma for the uppermost ignimbrite of the succession and an age of 20 ± 2 Ma for a granodiorite intruding the ignimbrites. Given the above relations, the mineralization is tentatively estimated to be early Miocene and possibly associated with the intrusive rocks.
Santa Maria del Oro, Nayarit
At Santa Maria del Oro, the mineralized zone is hosted by andesites of unknown age that are covered by ignimbrites and rhyolites of the Upper Volcanic Supergroup (Consejo de Recursos Minerales, 1994) . Rhyolites 3 km to the southwest of the mining area were dated at 21.3 ± 0.9 Ma by Gastil et al. (1979) . About 10 km to the north, both rock units are intruded by a granodiorite pluton largely exposed along the Santiago River. This intrusion was dated at 17.2 ± 1.0 Ma (Rodríguez-Castañeda and Rodríguez-Torres, 1992). As in the previous case, we consider the age of the mineralization as early Miocene and possibly related to the intrusive rocks. FIG. 2. Distribution of the dated Mexican low-sulfidation epithermal deposits with their corresponding ages. The gray zone corresponds to the prospection zone for epithermal deposits, following the distribution outlined by Camprubí et al. (1999) . All the values are expressed in million years (Ma). Close to the Tayoltita-San Dimas district, another epithermal deposit (named Mala Noche) is also found, whose age is 48.9 ± 1.0 Ma (K-Ar on presumably contemporaneous rocks; Clark et al., 1979) or slightly younger. This age is not shown on the map for reasons of clarity. The areas indicated by dashed lines are defined by the oldest epithermal deposits. Location (state), dating techniques, and references for the deposits are in Table 1 .
La Yesca, Nayarit
This district is located at the southwestern end of the Bolaños graben (see Ferrari et al., 2002 , for a description of this structure). Au-Ag veins hosted in ignimbrites of the Upper Volcanic Supergroup are exposed by the normal faulting of the graben, whose age is estimated to be early to middle Miocene . Although there are no age determinations for the ignimbrites of this area, the rocks can be correlated with those exposed to the north in the San Martín de Bolaños and Bolaños area, as the succession is subhorizontal. The above relations imply that the mineralization is entirely early Miocene in age.
Cinco Minas, Jalisco
This district is located about 55 km northwest of Guadalajara in the northwestern part the Plan de Barrancas-Santa Rosa graben, defined by Ferrari and Rosas-Elguera (2000) .
The mineralization consists of Au-Ag veins hosted in early Miocene ignimbrites and minor andesites of the Sierra Madre Occidental. This succession was dated by Nieto-Obregón et al. (1985) , with K-Ar ages of 24.7 ± 0.6, 22.5 ± 0.4, and 20.2 ± 0.5 Ma. It is intruded by a large granodiorite body, well exposed at the Santo Domingo village and in the nearby Santiago river canyon, for which the same authors obtained a K-Ar age of 19.5 ± 0.5 Ma. The mineralization is mostly exposed in the footwall of the Cinco Minas normal fault, considered to be latest Miocene to early Pliocene in age by Ferrari and Rosas-Elguera (2000) . Based on this information, we conclude that the mineralization must be related to the Santo Domingo granodioritic body that, in turn, represents the intrusive equivalent of the volcanic succession.
Mezquital del Oro, Zacatecas
This Au-Ag epithermal deposit is hosted in a basalt dike emplaced into an ignimbrite succession (T. Albinson, written Ar method (Rossotti et al., 2002) . A basaltic shield volcano located about 35 km to the north also yielded a K-Ar age of 21.8 ± 1.04 Ma (Moore et al., 1994) . Therefore, the most likely age for the basaltic dike that hosts the mineralization is early Miocene. South of Mezquital del Oro, younger volcanic activity is represented by ~10 Ma basalts covered by 7 to 5 Ma rhyolitic domes, which are exposed about 20 km to the southwest (Rossotti et al., 2002) . Although the age of the mineralization is not well constrained, we consider an early Miocene age as most likely in the regional context.
Evidence for Oligocene or Older Epithermal Mineralization South of the Trans-Mexican Volcanic Belt

The La Guitarra deposit, Temascaltepec district
The Temascaltepec district is located 150 km southwest of Mexico City, in México state, and is defined by three main sets of Ag-Au-bearing epithermal veins, referred to as El Coloso, La Guitarra, and Mina de Agua, from northwest to southeast. On the basis of geological evidence, these veins are thought to have formed from a single major epithermal event (Camprubí et al., 2001a) . The outcrop strike length of the entire vein system (La Guitarra and El Coloso veins) is more than 3.5 km, with an observable vertical extent of about 500 m. The maximum vein thickness is about 15 m, averaging 5 m. Vein structure, mineralogy, and fluid chemistry have been studied in detail by Camprubí et al. (2001a, b) . The veins were mineralized during hydrothermal activity likely associated with volcanism coeval with that of the Sierra Madre Occidental. Host rocks comprise the pre-Albian Taxco Schists of the Tierra Caliente metamorphic complex, the Eocene molasse of the Balsas formation, a lower-middle Eocene biotitic quartz-monzonite stock, and a rhyolitic and andesitic tuff unit of the Sierra Madre Occidental. The latter includes the rhyolitic feeder neck of Cerro El Peñón, dated at 34.87 ± 0.15 Ma by the 40 Albinson (1988) Notes: In the case of the Ocampo deposits, Chihuahua, the ages obtained by Swanson and McDowell (1985) correspond to the Las Varitas mine, related to the Tomochic caldera, 60 km east of Ocampo, whose epithermal veins are found in the same context as in Ocampo; in that region, the roof of felsic volcanic activity is dated 27.5 Ma (McDowell and Mauger, 1994) ; FTF = fission tracks in fluorite 1 Age determinations were carried out in host and overlying rocks, and are considered reasonable age ranges for the formation of the epithermal deposits correlating their age with the local geology 2 Ages listed were derived in this study from information in the given references basalt and andesite flows of the Trans-Mexican volcanic belt (Blatter et al., 2001) .
Ar/ 39 Ar analyses
Three potassic feldspar samples were analyzed by the 40 Ar/
39
Ar thermocronology method: adularia from barren stage IIA, adularia from stage IIB quartz bands with Ag-Au and base metal mineralization, and orthoclase phenocrysts from late Laramide monzogranites, with no petrographic evidence of hydrothermal alteration. The samples were separated by hand picking under the binocular microscope and examined by X-ray diffraction to ensure their purity.
Samples, together with the standards, were irradiated for 18 megawatts per hour (MW/h) in the central thimble position of the Oregon State Triga reactor. All analyses were made using a low-blank, double vacuum resistance furnace and metal extraction line connected to a MAP 215-50 mass spectrometer using an electron multiplier. The samples were incrementally heated in the furnace and the obtained gas was expanded and purified using activated Zr/Ti/Al getters and a metal cold finger maintained at liquid N 2 temperatures. Time zero regressions were fit to data collected from eight scans over the mass range between 40 and 36. Peak heights above backgrounds were corrected for mass discrimination, isotopic decay, and interfering Ca-, K-, and Cl-derived isotopes of Ar. Blanks were measured at the same temperature steps of the samples and subtracted from the sample signal. For mass 40, blank values ranged from 4 × 10 -15 moles below 1,350ºC to 9 × 10 -15 moles at 1,650ºC. Blank values for masses 36 to 39 were below 2 × 10 -17 moles for all temperatures. Isotopic production ratios for the Triga reactor were determined from analyses of irradiated CaF 2 and K 2 SO 4 , and the following values have been used in the calculations: Ar (K) = 0.00086 ± 0.00023. Correction for the neutron flux was determined using the standard MMHB-1, assuming an age of 520.4 Ma (Samson and Alexander, 1987) . The three samples have a J value of 0.00445 with an intralaboratory precision of 0.25 percent. A mass discrimination correction of 1.008 amu was determined by online measurement of air and was applied to the data. The J value is the irradiation constant, deduced from the measurements from standards of known age, and indicates the actual irradiation applied to the samples, proportional to MW/h.
The results of the 40 Ar isochrons, calculated using a York (1969) regression, gave nearly identical ages to the age plateaux, suggesting that the trapped argon has a 40 Ar/ 36 Ar ratio similar to that of modern atmosphere (= 295.5). The ages obtained in adularia samples were 32.9 ± 0.1 Ma isochron age in stage IIA, and 33.3 ± 0.1 Ma isochron age in stage IIB, corresponding to the middle part of early Oligocene.
No age plateau or isochron could be calculated for the orthoclase sample, and the pattern of argon released during step heating is consistent with either a mixed phase or partial argon loss following initial cooling. Partial argon loss may have been caused by hydrothermal activity in the La Guitarra system. The total fusion age of this sample, approximately equivalent to a K-Ar age, is 37.64 Ma. This age does not correspond to the actual age of the granitic host rocks, as Murillo and Torres (1987) obtained a K-Ar age of biotite from the same monzogranite from the Cerro El Peñón area of 48.6 ± 2 Ma. Thus, the obtained age for this monzogranite can be explained by Ar loss due to hydrothermal activity that formed the La Guitarra deposit.
Discussion and Conclusions
The La Guitarra deposit is the southernmost epithermal deposit in Mexico with absolute ages for the mineralization. Based on the relationship between epithermal deposits and their respective host rocks, Campa et al. (1977) and Campa and Ramírez (1979) attributed a Miocene age to the epithermal deposits south of the Trans-Mexican volcanic belt (Angangueo, El Oro-Tlalpujahua, Huahuaxtla, Huitzuco, Taxco, Temascaltepec, Xitinga, and Zacualpan) , in addition to those of the southernmost Sierra Madre Occidental. According to these authors, the deposits formed contemporaneously with folding of pre-Miocene rocks, during the late Miocene. Only recently, an absolute age of 27 Ma (Upper Oligocene) of El Oro was provided (D. Hall, pers. commun., in Albinson et al., 2001) . However, the last episode responsible for epithermal mineralization in central Mexico seems to be early Miocene and only affected a region to the north of the Trans-Mexican volcanic belt (Figs. 2 and 3) . This includes the seven districts indicated in Figure 3 , as well as previously known early Miocene deposits like Bolaños (Lyons, 1988) , San Martín de Bolaños (Harder, 1987 , in Scheubel et al., 1988 , and PachucaReal del Monte (McKee et al., 1992) . This early Miocene episode of mineralization seems also to have terminated at the latitude of Mazatlán, as no Miocene-age epithermal deposits have been reported north of this location and all volcanic activity in Chihuahua and Sonora apparently ceased at ~27 Ma (McDowell and Mauger, 1994) .
On the other hand, the ages obtained at La Guitarra, together with models for the evolution of Tertiary magmatic arcs in Mexico Clark et al., 1982; Ferrari et al., 1999) , indicate that the ages of large epithermal systems of southern Mexico may be similar to the majority of deposits in central and northern Mexico, as already suggested by Albinson and Parrilla (1988) for the Real de Guadalupe district, in Guerrero state.
In some epithermal Au-Ag deposits, such as Round Mountain, Nevada (Henry et al., 1997) , and in the Borovitsa caldera, Bulgaria (Singer and Marchev, 2000) , volcanism and mineralization are nearly contemporaneous. However, the previous analysis of Mexican low-sulfidation epithermal deposits by McKee et al. (1992) and Enríquez and Rivera (2001) , and of the deposits from the Great basin (Silberman, 1985) , such as Sleeper, Nevada (Conrad and McKee, 1996) , showed that many of these deposits formed up to 2 m.y. after the occurrence of the youngest volcanic host rocks. Evidence for the time gap is supported by the new data from La Guitarra. Comparison of these data with the ages obtained for the ignimbrite succession of the Cerro El Peñón (Blatter et al., 2001) , in which the deposit is hosted, reveals that the mineralization is 1.3 to 1.8 m.y. younger than the ignimbrites. This suggests that the generation of the epithermal deposits in Mexico is more likely related to the late stage of crystallization of the intrusive rocks.
The geographic distribution of the Mexican epithermal deposits and their absolute ages roughly coincide with those of the volcanic activity (Figs. 2 and 3 ). Following this, the distribution of epithermal deposits can be outlined into three main age ranges:
1. Older than ~40 Ma: Examples are the Batopilas and Topia deposits that display the oldest observed ages for epithermal deposits in Mexico. These deposits correspond to the time of the Laramide orogeny in northern Mexico and are located to the west or to the east of the Sierra Madre Occidental (e.g., Real de Ángeles deposit). Staude and Barton (2001) suggest that similar deposits may be buried below the Upper Volcanic Supergroup in the Sierra Madre Occidental.
2. Between ~40 and ~27 Ma: The majority of epithermal deposits in Mexico formed within this time span, and occur in a northwest-southeast belt from Chihuahua to México state (including the La Guitarra deposit), at a distance of up to 3. Younger than ~23 Ma: These deposits are found in the southern part of the Sierra Madre Occidental, to the north of the Trans-Mexican volcanic belt. With the sole exception of Pachuca, these deposits define a west-northwest-east-southeast trend that corresponds to the last episode of ignimbrite flare up of the Sierra Madre Occidental Fig. 3) . This trend coincides with a change in the orientation of the volcanic arc following to the opening of the new trench in southern Mexico .
This tentative classification has been established at a large scale, and additional geochronological data are necessary to confirm the relationship between the timing of volcanism of the Sierra Madre Occidental and the formation of epithermal deposits. The "progression" and "regression" of the magmatic arc within the continent may be directly correlated with the distribution pattern of epithermal deposits. Their age could be used to trace the areal extent of each magmatic stage, according to the advance, retreat, or reorientation of the arc in the continent, as these ages may reflect hypabyssal magmatic activity with no volcanic equivalence. Hence, the ages of epithermal deposits could provide evidence for the occurrence of contemporaneous hypabyssal magmatic activity, especially when magmatic contributions to the hydrothermal systems are suggested by geochemical data. Likewise, the ages of hypabyssal magmatic rocks with no volcanic equivalence in a determined area may suggest the occurrence of a contemporaneous formation of epithermal deposits, especially when the former formed within a narrow time range and in an area that is prospective for epithermal deposits. 6, 2002; February 3, 2003 
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